. To test this hypothesis, we have used microarrays to identify mRNAs that are selectively assothe immunoprecipitant. In parallel studies, mRNAs from polyribosomes of fragile X cells were used to ciated with FMRP-mRNP complexes in the murine brain. In a parallel approach, we also identified mRNAs that probe microarrays. Despite equivalent cytoplasmic abundance, 251 mRNAs had an abnormal polyriboexhibit abnormal polyribosome profiles in cells derived from fragile X syndrome patients, suggesting that the some profile in the absence of FMRP. Although this represents Ͻ2% of the total messages, 50% of the absence of FMRP alters translation. Comparing these two sets of mRNAs identifies a subset of messages coimmunoprecipitated mRNAs with expressed human orthologs were found in this group. Nearly 70% of that associate with FMRP in vivo and display abnormal polyribosome profiles in the absence of FMRP. Morethose transcripts found in both studies contain a G quartet structure, demonstrated as an in vitro FMRP over, many of these mRNAs contain a G quartet structure, which has been shown to be the structural target target. We conclude that translational dysregulation of mRNAs normally associated with FMRP may be the of FMRP (Darnell et al., this issue of Cell). proximal cause of fragile X syndrome, and we identify candidate genes relevant to this phenotype. Results 
cipitations were performed from wt and KO brain lysates, RNA was extracted, and first strand cDNA was generated and visualized by
While discarding genes in either of these approaches autoradiography.
may remove bona fide FMRP-associated messages, it results in a relatively stringent selection and should minichange factor. The transcript for SAPAP4, encoding the PSD95-associated protein 4, had the highest wt-IP enmize false positives. As displayed in the Venn diagram ( Figure 2B , red circle), 2,902 mRNAs (26% of expressed richment over wt input lysate, which was approximately 34-fold. The highest average difference changes of the messages) were at least 4-fold enriched in the wt-IP mRNAs when compared to the KO-IP mRNAs. However, wt-IP relative to the message prevalence in the lysate was approximately 18,000 and 14,000 for the transcript many of these enriched mRNAs are also found at high abundance in the input lysate such that, of the 11,067 similar to Peroxidasin and the Septin 3 GTPase, respectively. All transcripts ranked in the top 20 had average expressed genes in the total input brain lysate, only 527 mRNAs (5% of expressed messages) showed a 4-fold difference changes (versus input) in excess of 1,000. An independent immunoprecipitation experiment was or greater enrichment over the input lysate by immunoprecipitation ( Figure 2B , green circle). Combining these performed and analyzed with a different version of the Affymetrix murine gene chips, the Mu19K expression two results showed that 15% of the 2,902 genes identified in the first analysis and 82% of the 527 genes identiarray. By using the same criteria as in the MG-U74 experiment, genes showing a 4-fold or greater enrichment fied in the second analysis were identical and met both criteria for enrichment in the wt-IP ( Figure 2B , yellow during the immunoprecipitation were identified (full data sets available as supplemental data). When the two inregion). The intersection conservatively represents 432 genes, or 3.9% of the 11,067 expressed RNAs. This dependent experiments were compared, 36 of the top 80 RNAs described in Table 1 were not available on number is remarkably consistent with an earlier and much more crude estimate, suggesting that ‫%4ف‬ of the Mu19K chips, and therefore were not tested by the Mu19K data ( Table 2 , of three tested mRNAs that were not found by microarray sages are observed in the absence of FMRP, these mRNAs should (at least partially) correlate to the immuanalysis to be enriched in the wt-IP, all showed little enrichment upon LightCycler analysis. In contrast, three noprecipitation data if it is functionally important. To reduce any inherent individual variation that is ungenes that were found in the microarray analysis to be enriched in the wt-IP, relative to wt input, were also related to FMRP, we performed sucrose gradient frac- tionation from pooled (five cell lines each) as well as types (i.e., the proportion of a message on high-molecular-weight polyribosomes) ( Figure 4B ). These genes from individual human lymphoblastoid cell lines, derived from either normal males or fragile X full mutation males.
were clustered into two groups based on whether they were increased or decreased in the polyribosomes of Consistent with previous observation (Feng et al.,  1997a) in the mouse brain with the human genes exhibiting abnormal polyribosomal shift in the absence of FMRP, genes, 31 were found in both data sets ( Figure 4B ). Because the alteration of a message in the total mRNA we searched HomoloGene database using the UniGene clusters that represented the mouse genes of interest, may influence the amount of that message in the polyribosome fractions, these 31 mRNAs were eliminated and we identified UniGene clusters of the human orthologs of these genes. Conversely, using the human from further analysis. The remaining 113 genes that showed differences in total mRNA were not considered UniGene clusters and probe set information provided by the manufacturer (EASI DATABASE v2.41, Affymefurther here. Hence, we were left with 251 genes that show equivalent levels of expression in the total mRNA trix), the oligonucleotides that represent the murine orthologs of the human genes were also identified. Of the of pooled fragile X and normal cells but displayed consistent translational profile shift between the two cell top 80 genes identified in mouse microarray analysis (Table 1) is et al., 1997). One of the next challenges generated from predicted to have a strong G quartet structure, binds these data is to determine which candidate mRNAs are FMRP in vitro with an affinity of 322 nM, and shows Li 5-and 2-fold, respectively) as well.
